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SUMMARY

...z :“-

Results of calibrations in axial tension over the strain
range O to 0.03 are presented for 15 types of single element,
mult istrand wire strain gagea~ The relation bet”ween change
in resistance and strain showed deviations from linearity to
a strain of about 0.01 which were of’ ‘the’same “or”der as the “
deviations previously found in tensile cali,,brations at low
straine . At higher strains the curve of change “iriresistance

. versus Ftrain i.n.many.,caaes .approa.ched a sf+raight i~n-e having
.=

. ......
lower s1o.F6”than. th,e.iq$t’~+;slope. .“G&ge-s‘f-ailed lIy”rupture
of the ;Wire.;~.tr,aq~ds‘$n 68 percent ““ofthe’cal.ibrations . Meas-

+ uremerit’s for deer.eastn~; s%?”ain after a-n ‘tipplieileKrain of 0.03
Indicated hysteresis in all cases. The strains computed from
the measured changes in resistance of gages of types A, C-l,
D, and I’tusing the average calf~ra$ton factors “for low ten-
sile etrai~s,:,,d+jf.f~,qed.,~esaath,an 5 percent- from the meaeured
stdaihs up to a’””’stirain‘of 0.03. ‘:’“ ““’ “’ “

——— .—.._ ..
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...- ,’INTiODU@@ .“ - ;. ‘ “,. “, .“

.,., ,.- ... . , ., ...-

Th’is re”port ’descr”fbes P&t “of a“’~eries of performance
,.

m+. tests on wire strain gages of types currently used in large
numbere to measure etr,es~es tn. a$rcraft structures. The pur-

+ pose of the tests is to ‘make 8vailable information on the
properties, accuracy,,, and ~imitatio~s of various multistrand,
single element gages. - ....”

The perf9qrna.n,Cetest program has been divided, intoksev-
el’a.lph,ases’,t.hb:ti.e’~iilt.s.o.f w.hlch &re’$<ii&”r~p6~%~d “3~iy~d-
ually. The ,f.irst,.’ttio”phases’ of’ t~b”prog~am~:”c~x~~fac-
tdrs in tensiori ‘arid*n’ cdtipres”sion ior lowstrainsg liav”s”ljOeri... . . ...’.. .. .. . ~ e,,;! .... ..--- ... . .. (.-:.
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reporte d in rk+:er;i:ibes.2..emfk2:~~,y,9~#ec*ivel,y. The present
paper reports on the third phase, calibrations un&r axial

-b

tension at strains between’ “Wand 0.030. The performance
tests that remain to’%”e ●ade are *.o includo neasuremonts of ●

tho effects of temperature, humidity~” finite gage width in
the presence of transverse strkss~ and thickness and rigidity
of gage,

,.
....-..::“- .

., -.

Tho performance, t~sts ‘on wirq strajn gages are being
conducted at the National Bureau of ~“tandards under the
sponsori~kip of the National ~dv,isory Committee for Aeronau-
tics. . .. .-. -. \—

-* —.-..—
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.-..— ..-. ..— —-,,,..-, . .. -,?.; .,),, ?:)~..:l.i: ,: . .. ,- ,... .:.
* ~!

axial stYa’i’n ,, .,,
,.. . .,

AC change in ‘axial strain , ‘.-

W po~.ssonls ratio ‘ “ , . . . .-
., ,’

K calibration factor of wirb strafn’gago for uniax.ial .
stress yroducing a .tihange,,in strain. AC. parallel

. to tho gage axis’ and” a strain+Ac transverse to tho,; : g&geaxis .,
.“.. ,.,,. ,.. .. ...

● R“’ gage :rosistance, ohms : .. . ..“1
?: .,.,

‘AR)
.,

.“cha~g~, f.n.g~gq r’~sist&nc~ due ‘to“Chamgo in stra~n Act
.ohius ‘“. ...,“.. .-,.

,, .! .

Kmt average calibration factor K for eight gages of a
given typo at low topsilo. strains (Computed from
ta%lo 2 of refer&nco 1 as the avora,ge of’ 16 factors,
8 for strai_nincr~asing and 8 for strain decreasing)-,. ( ““’ -:.

,$ . :“~f” ,:, ‘..
.. . ..-— ,,.,. .’,f~,l.. -A?~Afi~US.:’AIJD-14E~HOD” “’”’”.-~””” ,- —
,...,...., ,---”

...;..--Doscl*ipt~::i<~i<~Strain Gages
. .

.“-.,. .
,7

,. ..
~ix air’craf.t.,companies~c,the .,+mes Aeronautical ~ho~atory

of ttie.N.lLCA,>tho .3aldwin LOCQrnd~~tO ‘?67arks,hnd tho C!hryslor
Corpor.atjion,cqatributod tostj ~a~qq o’f 15’ different typoEIJA,
B, C-4, :~,..~~F;,~t.~_l~” I,,J; It, L, M; N, 0) which.~n ~~1
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% but two cqsa$.m~~ ,idcnt%cal with the. gage. types reported In
refer eE&e 1. “-With.the.exce~tion of gag& types G-l, and H-1,
which wer,e subs.tituted~hy the makers fdr. gage types ,C and H,

+ table 1 of-reference’ l.~ive$ :a,descziption of. t~e, test gages
and figures 1 and 2 of reference 1 show the gages attached
to test strips used in the calibrations at low tensile
strains . Data on gage tyy.e:.&l.are’.giv~n”tn a~pendix 1 of
this report and data on gago typo H-1 are given in appendix
1 of refer~nce 2. ~~ ,..,’ .

.,. , ,,.. “,
- v . . . ,,

~ttachmont of Gago6”
.........

All gages were attached at theNational.Bureau of Stand-
ards to 18- Ily 1- by 0.125-inch 24S-T aluminum-alloy calibra-
tion strips as: shown in figure. 1. Samples of bondi~g cements
forvarious gages were supplied by the makers ,and;all gago~
were attached following the,maker 1s instructions. ,A1l. gagee .~.
were dried a minimum of 40 hours at room, temperature. No f .-’....
gages wore dried at elevate~ tomperaturos, and.,aajgagee were: ,Y.
waterproofed. ...,..,-.. ...->,-..:-....” :;.,.,,.>.-..1... ---.,..

... !, -..... . . .,.,.
.,

. ,.,,, - .Caltbrations ‘ ~
. .

,. r
.,..,.’,”...‘. ’”.-: —.

The, gageswero calibra~ed by-measuring changes in gage
* resisfiano6 :,AR corresponding to known changes tn strain Ac,

The.batfhraA.ionTt actor ,K -is commonly .dBfimed as
$...-,-.....-;.. ,.’.,......,.,$...,::..:. ... .._ ...-
.’.,,,$,...>,..;;”,.’.,...’,:. ..

AFL 1 ‘“ ‘.,’;:‘;.;” “-”-’”- ‘“,:,..,,..,....!..-....... . ..,,’:-.:. ......... g= ......“(L) ~
T“zz . y:,z;:. ;.,,. “,.,,..<...... ..- ,,..- . ...... ,-. .!.
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0,5 -i-h‘tha. p:last.icrange, there” will.he a co”rres~onding change
in ~l-il rat ion ~factor . It is. shdwn in appendix’ ;2 that this ~~
change. :jn cal.f,bration factor is .of“~;heorder ,o”f+0.01 or -0.’6
percent for a gage.~havimg. s “.ca,libratidnfactiQr.\of 2,00.,, .,.,, -,..., ,.. ,. ,. i-. . . . .-

:L .-. ,, :.!..... ,‘. .. -.
Strain Mess.ur.emente : :’.. , . . !V.- .“-;.

;,.:,.,,-.’:-..-: ....-1.... .... .
,-;c’ .“.? ...,.?.. .. . . .-::

The”%a”librating strain applied to each wirh gage,-&~>
measured with a Tucker man optical strain gage having a 1.O-
inch lozenge and a 2-inch gage length (fig. 1) .

1,,.....-. ,,.,..,.......:.

a“

. . ,. Resistance Measuremen%;s .::v ..-,,, -“:.. ,.,... .,

.The method of measuring resistance changes a.%’large ten- .;
sile”‘Strains had to” be chan”g~:fti.”omthat used for,calibration -
at “low”tsh’sile str”ains “(Z@”fods.nce 1 ), where ‘ah exceptionally
accurato ratio sot and .a~s’el~sittvegalvanomoter wero used.
At l&rge tonsilo .stralns there was a likelihood of rupturo OF
gago wir{ss during calibrations loading to Qxcossivo .galvanon-
et~r our:ront and probable damago to the .galvanomotcr suspen-
sion. IPurthermore , tho ran.go of resistance changes to bo
measured was in all cases -greater %hati the range provided for .
in the ratio set. Those two difficulties were overcome,
withiw.zt %1:0~aruc.h.sacrif ice in ‘accuracy, %y measuri!pg. th.e.n
change ji-n:’.desista’nce:with a R’ubico-n resistance de’cade box.+$n:r.”i P
an alternating ..’curr.e’.ntWheat S*one br idge j and us,ing a catbode!~
ray oscillograph as null indicator. The decade box provided
an a,dequate rango ~f ‘change in r..esistance and the cathode
ray .o~~cillograph provided an”fliadicat.or that was not damaged
by a sudden open circuit in ‘one arm of the bridge. ..=

.—
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Two gages of eatih typo were calil)ra.tied,”and if on< or z

%oth of .thoso gages ffiilod ,a% a s$rain lhse than 0.03, h
third gage was calibrated;,

Tht> same test procedure was followed in calibrating all
gages , The calibration strl’p”’G (fig. 4) with one wire strain
gage attached Was mount~d in Tem~lin gr,ips in ,a,60,jO00-pound
testing’mk”ch’i’noUn’der”an ini$~al, load of 200 t~ 500: pounds.
.The Tuckeimaa s~r&”ih gage H wa~,~rnounted on the str~p, so as

I to span tho ’wtre ga-go.and; when clearances permitted, COQ-
tiact,the strip a’t,point’$ ;”~~u’idistatiti?rom the transverse
contQr line of” tho wirezgago grid. A secoqd calibration
strip J,,upon whitihvas attached a dummy gage o-f tho samo
typo as the test .ga@e,was clamped at Qnq ond in a grip
suspondod “from “th@ upp~r”head of the. te6ting machine...,,

W~th,docade ‘~’{fig. 2)., in series. with “the.dum~y ga~e.,
set at’75.O ohms “(:~52~5“o’hms), the bridge was halanqod by
adjustiz~g d.ocade C first with the leads to the test gage
disconnected and shorfed a~d t,ho.n~gqia.with. thq’:toet gago
connwo’$”o’d’.’Ori--},hi”$’’balancj~,hqhq i.n”ijfalload Qg..t~e.calibra-
tion”:str-~p~wti<”~,d’jtist~d”t?”%’ring, the bridge to ,exact balance.
The ‘differenfie %e~wdeh the two se-ttings of de”cade.eC was
taken as the resistance R of the test gage. With tho bridgo
initially balanced, tho pr~ce@ure for calibration was sim-
ila~”%o that described in rb’fe”rences 1 and 2. Known resist-
ance changes were, sot on the dials of .dec~de C :i.qthe A-arm
of th”ar%~i”dgo; the ‘load .oa,t-h,e,oalibra”tiori:,”s;>i,i.’pwas incre,a~od
until. thk’”c%a”fi@”:i.h“resistance’ of the” w’ire,.&age,ro~alancQd “.
tho bridge; and the strain at tho insta”n”t-”cfbalance was
measured with tho Tuckerman strain gage., The load was in-
creas~d until the strain a% the gag~ was 0.03, after which
tho load was reduoed to about 500p ounds and AR/R and
strain were measured again to detef’rnine the. accuracy of the
wire gage in measuri’ng.permanent sot..,

The “aVora@ “strain’rate during calibr~t~ons.was of th~’~..,.. .- .,.. .-
ordor o.f-~”x l&4 per minute. Between readings the strain”

rate was Ll%OILt 5 X lm4, while during tioadi’ng.s“thb,rate was .,.., ,,
l’ X ~~4. ,

-.
nearer Rbactive bala~,~e .of the bridge was main-
talned b:f a;djizs.ting.t.hovariable ,.cqndens.ar‘of”the ratio box
to obtain a min”imum oscillograph deflection immediately fol-
lowing the miaimurn deflection or ‘tdipltproduced by tho chang-
ing gage resistance.

.

●
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W ... Th.oaccuracy’ Qf. ~+z-e;calj.%rations i5,.L’~mited ly.,the :
‘e~l?~rs‘in them~asur~ment.s ~of @go, rosistaime R ; change ”t~n.
resistance AR, and change ia strain Ac. . . . . . ;

.

..’. .. . The decade resistance” box used f.or,:measuring both 7.R
and AR was. guaranteed: by. the, makers- to have a maximum ~
error not great?: than ~0.~1 percent for resistances greater
tti”ri““1”‘o’hm. The ‘resis~’antes of the O l-ohm coils werb g&~= ““
an$eod, .to 1% wi~hin ~0 .25 percoq~ of their nominal valuesb ,
Calibrat ton ,pf $ho decade for ,chq~g.es.in res istance showed ..’
the combined errors due “to vq~ia~.i.ons in switch resistance ..

,- and to deviations of the O.1-ohm’ coils from their noninal
values to be less than 0.001 ohm. or 1 percent of the small-
est increment of t.kcYbsista D,ce:box. It was estimated that
the limiting error in the measurement of AR/R was thero-
foro of the order of 0.3 percent for changes in resistance
greater than 1 oh~~ ,,,. . .-

,: ,. ,:...

The error in” thp “,moqsurement- of ‘change’”’i’ns%rai-~ is due
,..

almost entirely to nonti~iform yield”ing of-the’ calibration”
. strip tithih the ~kcker~.ti gage len~’th+ A su+%e”$ fiadb “on-~a

strip with %WO l-inch, ~uck~)rnay ’g-ages:“~-tiailjtiti:etit”&ag”e lengths
showed thh~ th’e average--’‘s~rains% for th~” two’ gag~” lon~ths dfZ-
forod ‘by as, “nuch as H p’ercent for straiiis &r&ater than 0;01,
The ‘differ’eizcebotwoea the a+era’gk ‘st~gih ovei~the-” g~i.d of’ ,-~’
th6’ wire gm~p and the avera”&6-’strain” moastiro’d‘by’’~the2-inc5- -
Tucke’rman’ -gage dim ing’ “chlibra’tibns .wa”s-”as sumo’d 35””bo o?, t,h6
samo order (*1 porcont) . The accepted. accuracy of> the ‘.,
Tuckerman, gage itself 2s &O.1 percent ) which contributes con-
sidera~.ly:”“Ie”sserror ‘than that,.due. to noniifi”ifor~”’~,ieldi’hg
of the test’”strip. -., , .,..,.,... .........--------,1....

.,.....,,,, .. . -;.-..’....--!‘, “:< A .::
Comb ind~g:.the. err:ors~in the mea””stire~~nksFo.f;~b~.$,k~“re~:~;$+

ante and strain, it:was m.stimated tha’t the. t.okal’,prr~r ..i.~.’.“-.
the measured. deviations .%%s less” than ,L.5 per,cen~...:.I L::i,; .:

,,.‘ .. ->-~...-, ,,-..’. :,:...=P=. . ..............-.. ...

. . . . . .. . . ..
‘:Cal’i~dat’i’ens,w’er~ made on 43” ga-ges,“of .wh”tch-’“~~”””ga&&:j””-”

...

or +58 ‘&er&bn4:; failQd’” fir ior to ‘sustaihing~ a ktrain.- of “0.03”.” “
No -a~~em”p”%’”fwas: m&de t“o d~t armine calibra~ i’o.nI%”c”t”ors“for.the.
whole range of strain in view of the large nonlinear it.ies “
found in most calibrations at high tensile strains. It
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seemed more useful to compare ‘apylied strains with strains
indicated by the wire gages using calibration factors deter -
mfned al; relatively low tensile strains. S,uch a comparison
would bring ou&:&irb&t:l~ the ekro’rs involve~ in &asing strain
measurenente~~bd.yand th~:eiastic range on calibrations inside
the elastic rangecc- “~”: .

....

Table 1 gives the a$’erage calibration-factors in tension

‘mt fez’ each type of gage at low tensile ~trains,

= 0.0020 Thp value of Kmt
Emax

iS tho average, of tho 16

factors given for each gage type in table’~ of roferonce 1.
Indicated straiqs were computed by substituting the measured
values c,f AR/R ‘and E = Kmt in

.- .-. . .... -,---
,-

indicated strain = Q. AR’,
Km; F

(4)

Table 2 gives tho strains at which tho indicated strain di,f-
fored from the apyli~d strain, as rnoasurod by tho Tuckorman
gagQ? by *2, i~-, and *1O porcont Qf tno .appliod strain. Tho
difforonco between tho.permanent sot in the calibration ”strip
as doterminod. by tho Tuck~rman gaze and that indicated by the
wire gages using equation (4) is given in tablo 2 as a per-
centage of the sot strain measured by tho Tuckerrnnn gage.
Set readings were obtained on only those ga~os which sus-
tained the maximum calibrating strain of 0,03. Table 2 also
Sives th~ maximum strain applied to each gage aqd the typo
of failure. ,.

Cal.$bration curves AR/H versus E and dev:ation
curv~s AR/R versus c - _@R/R)/Emt are given in figures

5 to 19. Tho deviation curves indicato tho nature of non-
linoaritios in tho calibration curves by magnifying tho @-
viation of the indicated strains from those given by a
straight line through the ori~in with slope Kmt . Depar-
ture of the calibration factors from tho average, Knt, for
low stra:Lns is indicated by the slopG of the dovlabion
curvo rels.tivo to the vertical axis. A factor lowor than

‘mt is indicated by a slopo to the right, and c. factor

greater than %lt by a slope to the loft. Hysteresis is

indicated by a displmcomont of the !~sottlpoint to tho right
of the rcjmaindor of the calibration curve and tho deviation
curvo .

.— .- . . ... . >—
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% The calibrations at higti‘terisile “strains ~ just as those “- ——

at low strai~s reported $n references 1 and 2, have sevekal
characteristics which,. ~n v~rying d.egrbes , are common to all
the gages tested. . Inspqct$o”n ~f jhe curves of figures 5 to
19 shows that in every calibratjori the calibration. factor
decreased for increasing s,tra.i”n.sas, indicated %Y deviations
to t’he right of, the.vertica,l axis. The”minimui reduction in

,.,

fa’ctor at high stre.ias was: o%.sel?ved“with gage type D, which
showed :the average calibration, fact”br for strains between
0.01 and 0.03 t.o:b.ea%out .2 percept lower than the average
factor Kmt at “,1owstrains. ‘,’Gagesof types A“, C-1, D, and

F were observed to have reductions of about 5 percent or
10ss. ,.

3xa,mination of the data four “low strains in figures 5 to
19 showed good agreement with the deviation curves for lQW
strains in reference 1. The deviation curves showed consid–
era%lo nonlinearity at strains betwoon 0.0025 and 0.006. In
many cases there was an isiprovoment in linearity, with a
reduced calibration factor, at strains greater than 0.01.

Tabulation of the num%,or of gago failures occurring in
k the calibrations sho,wod that 25 gages out of 43 or 58 per-

cent failo’d b.of.ororeach,in~ a strain af 0.03. Failure was
caused. ‘by part~ng ,of the strain-sensitive wire at or within
about” 0.05 inch of an internal solder” joint in 84 percent of
the cases. The remaining failures involved breaks in tho
leading wire strand at points more t~n 0“.05 inch from the
solder joint. In viey of the”high perctigtage .of failures
near the soldered joints, it sooms desirable that gages for
measuring high strains be designed for attachment without
csmentipg the’soldered joints. Gages of typo C-1 (fig. 20)
were so designed, and all of them su”sta~nod the maximum
etrain” of 0.03 without failure. Breaking: of the strain-+
sonsitivo wire was, in most cases, prccbde”d by a sharp in—
croaso in AR/R for small changes in strain, as best illus-

* trated in figures 10, 15, and 19. ‘The deviation curv”e under
this condition shows cxtrenely largo .d.ev,fationsto tho left
(negative) since the seco~d, term (Aq/R )}Km~ in the oxpros-

sion for the deviation c — (AR/R )/~mt ‘-r&pi&ly exceb’d$ tlie“--

calibrating strain c due to the increase in AR/R. In
only two cases (figs. 14 and 19) , both of which involved a
fast-drying, celluloid-ethyl acetate cement, was fatlure of
the wire preceded by a decrease in AR/R, indicating a
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failure of the bonding cement to transfer strain. Because of
this , (AR/R )/Kmt becomes smaller than c and tho deviation

curve is deflected to the right.

. . . -=-..,.> .,.—

.

---
●

Examination of figures 5, ‘7, t?, 10, 13, 14$ and 17 shows
that the ‘Jsetlrpoiqt was, in every case, on the right side of
the curve, indicating a certain amcunt of hysteresis in the
gages . The dotted lineconnectt.ng the point for the highest
strain with the ltsotn point was nearly vertical on the devi-
ation curves. It may be concluded that the-strain indicated
by the wiro gages fo~ decreasing strain can be compntod with
the calibration factor for low strain even af%mr subjecting
the gages to tonsiles trains as high as 0.03. This conclu-
sion may.be”-expressed in another way by Baying that tho error
in tho measurement of permanent sot is cnusod principally by
d.oviations of tho calibration factor fr-~m the value %t $ for

increasing strain. Tablo 2 shows that tho minimum error of
1 p~rcon.t in the mess.uremont of set straia was obtainod with
a gago OT type D. .

COHCLUSIOHS

Th’o.deviation cu’rvas.sho.wod considerable nonlinearity
at otra’ins-be”twoen 0;0025 and ,0.006, In many cases thorc
was an islprovenen’t.In” linbartty with rcducefl calibration
factor al; strapins ’gr-eater than 0.01. The- calibration factor
“for decr+!asing straifi,was nearly eqml to that- .for.l,ow
strains <~ven after ‘subjecting the gage *.O ten~.ilo .strain$
as high S.S 0“,03. Fifty-eight perc”ent of th.e-.~ages fzlle,d
by breaking of the strain-sensitive wire at ,str,ains lass :,-.____
than 0,0S. .

Tho st”rain indicated by gages of types ~, ti-1, D, and .3’,
using tha calibration factors for small strains,- .dif~>rod
les~ t-ban 5 percent fm-om tho applied strains “jorm s,trains..up
to.o.03---

... ......
. .

.- ,.-L.. “,

National Bureau of- Standards,
..

Washington, D. C., March 5, .1945,,
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APPhNDIX 1 ,“-1

,.

DESCRIPTION Or GAGE C-1

.,
Gage C-1 was substltuteti by the maker for gage typo C.

Gage C–1 (fig. 20) is intended for uso in measuring large
strains and differs from,.gag.o C in that the internal soldor
connections to the strain—sonsitivo wire grid aro further
removed from tho grid than in gage C. Only tho grid and a
short, length of tho loa:ding or outside wire strands are ‘
ceiicrite,dto tthe s“tructu,re, ,leaving the gage area in the -
vicinity of the solder joints uncemonted.. The gago has a
slightly higher resistance than gage C due to the additional
length of strain-sensitive wire, and a somewhat lower cali-
bration factor than gage O because, the uucamented wire doos
not contribute to the ou’tput of the gage. The following
data bn gago C-1 are given to, supp:lemont table 1 of refer- ‘

I’Description of Gages .!{once 1 on

Gage ; .liomi5al”. . Approximate Wire - C’ement’i‘tie of No@nal
type diriensioris len~th of material’. winding resistance

,, ,..,...,, ,., grid”” ““,’”’ “; ., .,. . .

-..:. :.iengtti;tdth ‘. ‘“ .,
,,

*
‘,.,,. .

(in,) (in.) (in.). (ohms)

c-l 2a3 0.04 1.00 ““”------4..4 Duco Grid 95

CHLITGZ’‘TN CALIBRATION FACTOR WIT~ “CHAltGE IN FOISSOli l,S”:fii’iO““;
...

,;. ,>
., ..”:.,,,. ,, ,,

. . . i., ,,. .-.-,

The c.51ibrat ion factor defined by equat,~on .(,1)is ,coqr ,,*
stant tinly tis:long as P“ofisso.n‘s’.ratio rekipsconst, ant . The’ ‘
calibration factor “K ‘“is relatigd to Paiss”onts’”rat to”by

K= KL - VKT

where

(5)
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‘L longitudinal sens.it:ivity of wiro gago for zero trans -
varso strain

KT transvorsr3 ..-eGnkii:ivity-of wiro gago for zero lo2gitu–
&inal strain —

,Tho change in ,1[ for a chango .ia y qqual to AIL”“Is
,.--

!,. ,..

.—.

. . . . . . ~g = -Km “Au ““
.—

,,

Assuming; 0.05 as a reasonable valuo f’o”r KT3 the c~gQ tn

calibration fact-or’ ~j: for a chan~e .iu’~oisson~s rat-io of
0.2 is given by (G) a“s, .,.-

.,.
AK = -C. OL(O .2)” -

.(7)”’
=“-O .01 ““” ““ ““ - ‘- ““”

.,.,F.-.-, -- -------.. ”........... ... ----------...

Equation (7) indicates thaj~ due to tho .<h~nge in Poiss onIs
ratio from O’.3 in the elastic range tQ abo~~t 0.5 in tho
plastic. r.ango,tlio calt$ra.tion factor “~$ “Iionxpected to
docroaso about 0.;01 or 0.5 porcoi~t for a ga.g.ohaying a cali-_
brat ion -factor of} 2.00. i f..,”*“
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TA3L3 l.- AVE.3.AGX CALIBRA ~IOll TACTORS FOR

LOW TENSILE STEJ+IHS (ema= = 0.0C2)

Gage
type

A

3

c-l

i)

E

F

G

Ii-1

a2 .027

‘2.083

~1.90

a2 .058

a2 .104

a2 .037

a2 .314

=1.996

I

J

K

II

N

o

K
Elt

‘2.149

a2 .088

a2 .170

a2 .243

al.9ao

a3 .480

a2 .086

aComputed from table 2 of reference 1 as the average
of 16 calibration factors for each ty-pe of g@ge;

b~?o. low–strain te~sile calibrations were obtained on
gage C-1, a s~ecial gage for use at high strains. The val-
ue given for lZmt (1.90) is the estimated average limiting

.—

slope of the calibration CUYVCS given in fig. 7 as the
strain approaches zero.

CHC low—strain tensilo calibrations wero obtained on
gage H-1. Owing to good agreement between the averago
tension and average compression calibration factors for - “--‘“-

A most gages at low strains , the average low strain conrpros-
sion factor II=c = 1.990 is used here. -..——



14

,, .-

.-.-.-i...
: ‘ ..liAoA”is .ro , fir”

L-.
.,-= ~

. . ..-
.

2.
.:.

TA2LE 2.- R2SULTS OF ‘T”&TS

Qage C+age Maximum ntrtinea ●t nhioh gage May.t*ln Error in ●et meaaurementa Remarke
type mmber ia in error by leee than

A; peroent ii5peroent +10 peroent applied 2 :%0%3; fa.i”?ure

6X 104 c Xlo+ 6%10+ Cxlo+ peroent

A 1 > 300 ---- 301
a 1::

6 -------
+ 300 ---- 308 5 -------

B 1 5a
a

> 102 102
%

-----—
176

3
a43 -------

44 {1
:

:: > 190 190 ------ b

0-1 1 45 292 > 303 303 7 —— --
2 >228 ----
3 X

829 ------
>29s —-- 301 ; ——--

D 1 60 > 308 30s
2 60 > 310 ::::

3 —----
310 1 ---—..-

E 106 > 113 113
;

—-----
i:

11

0
?5 > 75

3 la
-------

%5 z:
0

92 —-— b

F 1 4 la a~g 213 a13 ---— (0)
a la > 307 307
3

6 -— ----
la 64 > 306 306 5 —-----

G 1 ---- -—- < 12
a

-.--—
e 12 1L2

u

o

3
---—

< 12 :! %
o

73 ----— 0

H-1 25 lao aa5
:

------
13 ::

II

0

3
-—-—

25 77 > 12 1%
o

—--— c

1 25 60 230
;

304 -------
9s =- 309

3 :; 61
::

a71
-------

% 13 ----..-

J ae asa - 310
.:

310 7
as

—---
* a5a

“3
252 —-—

32 :% a40 286 —-— !/(o~d)”

K 1 20 218
a 20

----.-
E ;%

N

0
—-—

3 :Z
0

22 30 165 -—— 0

L a3
;

g 301 27 —----
:: 312

3 ::
—--—

55 81 310 E —----

n 1 < 15 <15 241 —— --
: %

(0)
< 15 a6 al —-—-
< 15 a6 69 %% ao —-----

x 54 70 100 131 —---
:

11

0
54 70 100 112

3
------- 0

54 70 100 103 —--— 0

0 15 > ;3: ----
:

2s7 ----—

1/

c
248

3 % 195
-------

> 241 % ------- (0 ;d)

aStrain Irdiostad by wire gage = (AR/R)l~t.
%eak in
‘Break in
‘IWdenoe

leading wire etrana (edge of grid) 0.05 in. or nmre from solder joint.
leading wire etrti at or within 0.06 in. of colder joint.
of.failure in oement.
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wire &\raZn gage on calibration strip
Tuekerxnan gage during calibrations.
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Figure 2.- Oircuit for resistance measurements. Res18tance de-
oade O was used to,provide known changes -6R which

were in turn compensated by changes +AR at the test gage by
ohanges in calibrating strain AC.
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Fig. 20

“4

w
.—— .“= .- .-. -. =

.. -- .-
—.=.-.

-. * +.
.— -!

GRID~y.– -- -.-<-~“~-

T

-- .~-~N~y~ “-
.. ...-.. !..OO ”..-. -.---,

.——— “1
b--,-- . . . . . . I. . .

L
=---- A.. —.. . . . ..— — - . . . . —

—.
—-.--L-: ,, .. . . . . . . . .. —.>
. ..4

. ...= ...——.- . ..7... . . ........+,..,

q. .-.

.. :--- —------==-=-==?%

... .-,-.-”

.

-.

.Y_
. . .._ .._

.—
., —.—- ..-. d

CEMENTED
L.ENGTH 1.20”

.

-S”0U-iSR -
JOINTS m _.----. -

.-

.

.,,..,. .....- r ..--— -.. —

..-

.

Fig. 20

.


